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Abstract

Background

												
												Diabetes mellitus type 1 (T1DM) is a disease of public health importance in Africa affecting mostly children and adolescents. Currently, there is insufficiency of impeccable epidemiological data from sub-Saharan Africa on T1DM in children and adolescents.
												

												Methods

												
												This was a hospital based cross-sectional study. A total of 41 children and adolescents aged 5 to 19 years with ≥ 6 months duration of disease and on treatment were enrolled. Standardised questionnaire, medical files and health passport books were used to collect social demographic and clinical information on episodes of severe hypoglycaemia and DKA. Albumin to creatinine ratio was done to screen for microalbuminuria and HBA1C was done to determine glycaemic control. Slit lamp ophthalmoscopy was done to screen for diabetic retinopathy. Chi square test was used to test for associations and p ≤ 0.05 was considered statistically significant. Spearman's correlation coefficient was used to measure the correlation between complications of T1DM and HBA1c.
												

												Results

												
												In our study the overall proportion of DKA and severe hypoglycaemia was 63.4% and 56% respectively. Only 4.88% had microalbuminuria, none had diabetic retinopathy and 97.56% had poor glycaemic control. DKA had a statistical significant relationship with mode of insulin storage (χ2 = 6.477, p-value = 0.0039) and there was a positive correlation between DKA and HBA1c. 
												

												Conclusion

												
												The proportion of DKA and severe hypoglycemia was high. Additionally, there was a very high proportion of patients with poor glycemic control.
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										Abbreviations

										
										T1DM: Type 1 Diabetes Mellitus; HBA1c: Glycated Hemoglobin
										

										Introduction

										
										According to WHO report published on their website on 1st June 2018, non-communicable diseases have become an issue of global concern with about 41 million deaths per year and 1.6 million deaths occurring as a results of Diabetes alone. In addition, over 85% of the deaths occur in the low and middle income countries. Thus the aim is to reduce premature deaths from NCDs globally by one third by 2030 [1]. As a matter of fact, Diabetes type 1 (T1DM) is becoming a disease of public health importance in Africa affecting mostly children and teenagers. Currently there is insufficiency of impeccable epidemiological data from sub-Saharan Africa on T1DM in children and adolescents. However, incidence in Tanzania was estimated to be 1.5/100,000, and an increase in incidence in Sudan from 9.5/100,000 in 1991 to 10.3/100,000 in 1995 has been reported [2]. Furthermore, there is no published data seen from Malawi to reflect the burden of T1DM in children and adolescents.
										

										
										Diabetes type 1 (T1DM) is an autoimmune disease which results from cellular-mediated destruction of the beta cells of the pancreas characterized by deficient insulin production and requires daily administration of insulin [3]. Children with T1DM usually may classically present with symptoms such as polyuria, polydipsia, polyphagia and weight loss. However, in about 19% of younger children below 5 years parents or guardians may report non-classical symptoms such as nocturnal enuresis, 10.5% of the under-five may also present with constipation and 25% of the children inclusively, may present with diabetic ketoacidosis [4]. The latter is a common observation in our clinical practice in Malawi due to delay in diagnosis, misdiagnosis due to lack of knowledge in the subject or even loss of opportunity to diagnose T1DM due to poor health seeking behaviour.
										

										
										The pathogenesis of T1DM is quite complex with an interplay of genetic, epigenetic, immunologic and environmental factors. As a matter of fact, Type 1 diabetes is mostly present in individuals with no family history. For example, only 10-15% of the patients have a first- or second-degree relative with the disease. However, the lifetime risk for developing T1DM is significantly increased in relatives of patients, as about 6% of children, 5% of siblings and 50% of monozygotic twins present with the disease compared to 0.4% prevalence of the general population. Additionally, there are more than 50 T1DM loci which have been identified by genome-wide association studies and meta-analyses [5]. The human leukocyte antigen (HLA) gene located on the major histocompatibility complex (MHC), on chromosome 6 is the main gene which predisposes to T1DM. Furthermore, many other different genetic loci have been found to contribute in a lesser degree to the genetic susceptibility for T1DM alone or in combination with other autoimmune diseases [6].
										

										
										Environmental factors also play a significant role in aetiology of T1DM. Thus there is strong evidence that is derived from the study of monozygotic twins, where occurrence of the disease in both siblings varies around 50% and never reaches 100%. The environmental factors involved include viruses (rubella, coxsackievirus B or enteroviruses), toxins and nutrients (cow's milk, cereals). The precise effect of these factors remains unclear, but it is important to be identified, since these factors can be modified and possibly lead to prevention or treatment interventions [7,8].
										

										Study population and design

										
										This is a cross-sectional hospital based study that was conducted from October 2018 to June 2019. The study was done in the paediatric diabetic clinic at Kamuzu central hospital in Malawi. This is the main referral hospital located in the capital city of Malawi with a paediatric bed capacity of 250 but over 500 children are admitted to the hospital every month. Currently has over 50 children and adolescents with T1DM attending paediatric diabetic clinic. The study included all T1DM children and adolescents aged 5-19 years attending the paediatric diabetic clinic during the study period. Furthermore, those who did not consent to participate in the study or those with comorbid renal conditions such as nephrotic or nephritic syndrome were excluded. 
										

										Sampling technique

										
										All children and adolescents fitting the criteria and coming for health care within the study period were enrolled if consent was granted by their guardians. The clinic had over 50 patients by the time of the study and we enrolled 41. 
										

										Data collection tools 

										
										Structured questionnaires were used to collect social demographic and clinical information. Additionally, health passport books and medical files were used to ascertain episodes of DKA and severe hypoglycaemia.
										

										Data collection method  

										
										Data on social demographic and clinical information was collected using a precoded structured questionnaire which included the following information: Age, sex, residence, level of education of guardian, insulin regimen used, duration of disease, mode of insulin storage, signs and symptoms leading to diagnosis of T1DM, knowledge on signs and symptoms of hypoglycaemia, blood pressure measurement, BMI, Fasting or random blood glucose plus urine dipstick for ketonuria, quality of injection sites, Tanners stage for puberty. Additionally, Health passport books and medical files were used to ascertain episodes of DKA and severe hypoglycaemia over past 6 months.
										

										Laboratory analysis and procedures  

										
										HBA1c: After cleaning the site with alcohol swab and allowed to dry, the blood sample (2 ml) was obtained and collected using (lavender top) EDTA tubes by venepuncture from all subjects using sterilized disposable 5 ml syringes for HBA1C.The reference measurement procedure has been defined as bN1-deoxyfructosyl-hemoglobin, based on proteolytic digestion of red cell haemoglobin followed by quantitative peptide mapping by HPLC mass spectrometry or HPLC capillary electrophoresis.
										

										
										Microalbuminuria: 5 to 7 mls of urine was collected using urine collection containers early in the morning before breakfast or any exercise and bring sample immediately after collection for analysis and albumin to creatinine ratio of ≤ 30-300 mg/g was considered microalbuminuria.
										

										
										Diabetic retinopathy: Slit lamp ophthalmoscopy was done by an experienced ophthalmologist to diagnose diabetic retinopathy.
										

										Data analysis 

										
										Data was entered and cleaned in excel then exported into SPSS version 23 where data was analyzed. Descriptive statistics was computed for the variables; frequencies and percentages were obtained for categorical variables while for continuous variables, means and respective standard deviations were presented. Chi square test was used to test for associations and p ≤ 0.05 was considered statistically significant. Spearman's correlation coefficient was used to measure the correlation between complications of T1DM and HBA1c.
										

										Results 

										Social demographic and clinical information 

										
										A total of 41 study participants were enrolled in the study. All study participants (100%, n = 41) had access to the same type of insulin regimen (Insurgen N (NPH) and Insurgen R (Regular) twice daily dose. Thus they were either on NPH twice daily or regular soluble insulin twice daily. Their ages ranged from 5 years to 19 years with mean age of 12.3 years (STD 2.9). Majority of the patients belonged to age group of 11.5-15.5 (60.98%, n = 25) (Table 1). Mean age at diagnosis was 8.9 years (STD = 3.7). Additionally, 53.66% (n = 22) were female and 19 (46.34%) were male. Majority of the guardians have had primary education: (58.54%, n = 24) and were from rural background (60.98%, n = 25) (Table 1). 
										

										 
										
											
											
											Table 1: Social demographic and clinical characteristics. View Table 1
											

										

										

										
										
										The mean duration of diagnosis of T1DM was 3.2 years (SD = 2.6). The study participants had been diagnosed with T1DM between the periods of 6 months and 10 years prior to the study with a majority belonging to the period between 1.1 years to 3 years (36.59%, n = 15). Additionally, 19.51% (n = 8) had duration of disease of 5 years (Table 1). Family history of DM was elicited in 24.39% (n = 10) of the cases. The commonest means of storage of insulin was traditional methods (storing insulin in a clay pot with sand and water) in 75.61% (n = 31) of the cases (Table 1). Good compliance to insulin administration as defined by having a participant not missing a dose in the past three months before the interview was reported in 80.49% (n = 33) of the cases. Inspection of the injection sites showed that 82.93% (n = 34) had good injection sites. Additionally, the mean body mass index of the participants was 17.35 kilogram per meter squared (STD = 2.56). Tanners staging for pubertal assessment was done and majority of the patients were Tanners stage 1 (53.66%, n = 22). 
										

										
										The symptoms that led to the diagnosis of T1DM included: Recurrent infections in 46.34% (n = 19), weight loss in 85.37% (n = 35), coma in 36.59% (n = 15), convulsions in 21.95% (n = 9), polyuria in 95.12% (n = 39), polydipsia in 95.12% (n = 39), enuresis in 46.34% (n = 19) and abdominal pain in 29.27% (n = 12) (Figure 1). 
										

										
										
											
												
												Figure 1: Signs and symptoms that led to diagnosis of T1DM among patients. 
													View Figure 1
												
											

										

										
										
										Proportion of acute complications  

										
										The overall proportion of severe hypoglycaemia (SH) was 56.10% (n = 23). The following were reported as SH events that were relieved by eating a sugar containing food among the participants that had SH (n = 23): hunger (82.61%, n = 19), tremors (52.17%, n = 12), tingling around the mouth (39.13%, n = 9), anxiety (26.09%, n = 6), weakness (86.96%, n = 20), headache (69.57% n = 16), slurred speech (43.48% n = 10), and dizziness (34.78%, n = 8). The overall proportion of diabetic ketoacidosis DKA was 63.41% (n = 26) (Figure 2). 
										

										
										
											
												
												Figure 2: Proportion of acute complications among patients with T1DM. 
													View Figure 2
												
											

										

										
										
										Glycaemic control and chronic complications among study participantss  

										
										Among the patients studied, 97.56% (n = 40) had poor glycaemic control with their mean HbA1c level of 13.22 (STD = 2.4). The proportion of microalbuminuria was 4.88% (n = 2) and 0% had diabetic retinopathy.
										

										Association between complications of T1DM with social demographic, and clinical characteristics  

										
										There was statistical significant relationship between DKA and mode of insulin storage (χ2 = 6.477, p-value = 0.0039) but there was no statically significant relationship between DKA with age, sex, residence, guardian education, missed treatment and duration of disease. Additionally, there was no statistical significant relationship between SH, microalbuminuria with social demographic or clinical characteristics respectively (Table 2, Table 3 and Table 4).
										

										 
										
											
											
											Table 2: Association between DKA with social demographic and clinical characteristics. View Table 2
											

										

										

										 
										
											
											
											Table 3: Association between severe hypoglycemia with social demographic and clinical characteristics. View Table 3
											

										

										

										 
										
											
											
											Table 4: Association between microalbuminuria with social demographic and clinical characteristics. View Table 4
											

										

										
										Discussion 

										
										In our study the mean age of diagnosis for T1DM was 12.3years (SD = 2.9) and mean duration of disease was 3.2 years (SD = 2.4). The overall proportion of patients who had diabetic ketoacidosis (DKA) and severe hypoglycaemia (SH) was 63.4% and 56% respectively. Additionally, only 4.88% had microalbuminuria and none had diabetic retinopathy. Furthermore, 97.56% had poor glycaemic control and the mean HBA1c was 13.22 (SD = 3.4). DKA had a statistical significant relationship with mode of insulin storage (χ2 = 6.477, p-value = 0.0039) and there was a positive correlation between DKA and HBA1c.
										

										
										This is the first study done on the topic in Malawi and no similar studies published according to our knowledge. Our study is similar to Majaliwa, et al. [2], a survey done at Muhimbili national hospital in Tanzania before establishment of a diabetic center which is currently the case in Malawi. Thus the proportion of children with DKA was equally above 60%. Additionally, 55.6% of the children had had at least an episode of SH which is similar to our result whereby we found the proportion of SH to be 56% [2]. Similarly, a study done by Elamin, et al. [9] at the university hospital of Khartoum in Sudan, this was in the early period before full establishment of their centers of endocrinology and diabetes; the prevalence of DKA was high (81.2%) [9]. Thus in a review on diabetes in Africa by Lugheti L and Majaliwa ED, et al. [10] they concluded that the prevalence DKA amongst already diagnosed T1DM was between 25-90% which is high. Additionally, in the review the conclusion for the observed increased prevalence of DKA in Africa was that there is lack of awareness among health workers and community at large which is the case with Malawi [10]. The whole Malawi as a nation has no diabetic center let alone has no pediatric endocrinologist nor trained clinicians and diabetic nurses.
										

										
										Furthermore, in the same review by Lugheti L, and Majaliwa ED, [10], they had observed that the prevalence of SH was equally high ranging between 25-55% [10]. It was concluded that the most likely factor contributing to this result was due to lack of blood glucose monitoring at individual or hospital level which is the case in Malawi according to observations whereby there is lack of blood glucose monitoring due to unavailability of glucometers or glucostix. Hence the higher proportion of SH (56%). As a matter of fact, almost all our patients with SH in this study, were diagnosed after visiting the emergency department or outpatient department with neuroglycopenic symptoms of hypoglycemia.
										

										
										In contrast to our study, a study done by Birkebaek, NH, et al. [11] in Nordic countries (Denmark, Ireland, Norway and Sweden) showed a lower overall prevalence of SH at 10.4% and the main reason is that most patients had adopted new technology in terms insulin administration such as use of pumps and sensors plus a rigorous blood glucose monitoring. Additionally, increased literacy rates amongst guardians could also be a contributing factor since they would understand how to do carbohydrate counting thus corresponding amount of insulin administered to amount of carbohydrate given [11]. Furthermore, in a systematic review done in 31 countries on variation in the frequency of DKA in T1DM by Usher-smith, et al. [12], it was observed that the countries with the lowest frequency of DKA were Sweden 14%, Canada 18.6%, Finland 22% and Hungary 23% which in comparison to our study they had very low frequencies of DKA. As a matter of fact, they observed that countries with higher gross domestic product (GDP) and with higher incidence of type 1 diabetes had lower frequencies of DKA. Thus it was concluded that these countries have increased awareness and hence earlier detection DKA. Additionally, due to their increased GDP their social economic status is higher and they provide a better health care provision than countries like Malawi where our study was done [12].
										

										
										In terms of chronic complications of T1DM, we had only 4.88% with microalbuminuria and none had retinopathy. This observation could be explained by the fact that our sample size was small and we had a mean duration of disease of 3.2 years (STD = 2.4) with 53.66% in Tanners stage 1. According to international society of pediatric and adolescent diabetes (ISPAD guidelines 2018), the risk of developing microalbuminuria and retinopathy is higher at 11 years when the children enter puberty with mean duration of T1DM of 5 years [13]. Furthermore, in a study done by Razavi in 2009 in Iran on frequency of microalbuminuria; he found 14.5% frequency of microalbuminuria among children with T1DM and the mean age was 16.2 years (standard deviation = 2.8) and mean duration pf T1DM was 4.5 years (STD = 3.9) which was higher compared to our study [14].
										

										
										The study result showed a very high proportion of poorly controlled T1DM patients. Thus we had a proportion of 97.56% with poorly controlled T1DM and the mean HBA1c was 13.22% (STD = 2.4). Similarly, Ngwiri did a study on glycemic control in Kenyan children and adolescents with T1DM, he found out that 72% were poorly controlled with median HBA 1c of 11.1%. Additionally, he attributed such a higher proportion to less aggressive management and poor follow up of T1DM patients which is the case in our setting where the study was done [15]. In a study done in Ethiopia in 2016, they found more than 50% poorly controlled children with T1DM.The reasons for this result were; shortage of resources, low awareness of practicing professionals or failure to follow guidelines in management of T1DM which is the case with the Malawi setting [16]. However, in a study done in Nordic countries, the mean HBA1c range was 6.7 to 8.1% which was good T1DM control compared to our study with mean HBA1c of 13.2% [11]. This observation provides evidence that the social economic status plays a crucial role in health care system delivery amongst other factors such as political will. 
										

										
										Furthermore, in our study we observed that there was a statistical significant relationship between mode of insulin storage and DKA and we haven't found similar studies on the topic to compare or contrast. About 75.6% of our study subjects use traditional method of insulin storage i.e. a clay pot with sand and water kept at the coolest place in their house. Additionally, we also observed a positive correlation between DKA and HBA1c. This result is similar to a study done by Ekpebegh in South Africa whereby they observed that DKA had a significantly positive correlation with HBA1c [17]. Thus if we can achieve normoglycemic states in our patients with good management and monitoring of diabetes we are likely to reduce the HBA1c to desirable levels consequently maintaining a good glycaemic control and reducing prevalence of both acute and chronic complications.
										

										
										In general, the survey addressed crucial issues on overall performance in terms of how our T1DM patients have been managed over the years and in this case provides a clear direction on way forward and what can be done differently in our clinics. As a matter of fact, treatment for all patients was changed to at least 2 × NPH + 3 × boluses of soluble insulin with intensified protocols for screening of complications and HBA1c monitoring. In addition, the study generates a clear hypothesis for future studies and may provide an opportunity for training and research amongst colleagues and other cadres who have interest in diabetes. In terms of limitations, this was a hospital based study and our sample size was smaller compared to other studies. 
										

										Conclusion 

										
										Conclusively, in our study we found robust evidence on presence of acute complications of T1DM amongst our patients and we also observed that almost all patients had poorly controlled T1DM. Additionally, with higher proportions of DKA and SH observed in this study there is a possibility that many children with T1DM have died at home even during their sleep. Therefore, we recommend training on management of T1DM amongst our clinicians, nurses, psychologists and nutritionists which will also translate into good diabetic education and improved home management of T1DM for our patients.
										

										
										Furthermore, screening for acute, chronic complications and HBA1c monitoring is mandatory in all children and adolescents with T1DM. Therefore, clinicians and nurses should be trained on management of T1DM and it should be emphasized that diabetic education is the cornerstone in management of T1DM. Additionally, Awareness campaigns must be done to alert people on signs and symptoms as well as complications of T1DM to foster early diagnosis and detection of complications thereby reducing extent of morbidity and mortality. Otherwise prevention of complications of T1DM is more cost effective than treatment.
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